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Dedicated to Professor Axel Zeeck on the occasion of his 65th birthdayAbstract—Oxidative cyclization of the pyrrole–imidazole alkaloids oroidin and sventrin in DMSO/TFA (1:1) yields oxazolines via
nucleophilic attack of the carbonyl oxygen at the alkenyl double bond. Oxidation takes place in the benzylic position of the imidaz-
ole ring. On prolonged reaction times, the oxazoline ring is hydrolyzed yielding the corresponding ester of pyrrole-2-carboxylic acid
containing a free amino group. Overall, the double bond of oroidin is dioxygenated.
 2004 Elsevier Ltd. All rights reserved.1. Introduction
More than 90 pyrrole–imidazole alkaloids have been
isolated from marine sponges. Biogenetically, they can
be derived from oroidin (1, Fig. 1) and constitute one
of the most fascinating families of natural products.1
The prominent position of the pyrrole–imidazole alka-
loids among natural products justiﬁes the investigation
of their particular chemistry.
Key to the structural diversity of the pyrrole–imidazole
alkaloids is the 2-amino-5-alkenylimidazole partial0040-4039/$ - see front matter  2004 Elsevier Ltd. All rights reserved.
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Figure 1. Structures of the natural products oroidin (1) and girolline
(2) with an oxidized alkene moiety.structure of oroidin (1), which can undergo various C–
C bond couplings and oxidative processes. Oxidation
of the double bond of the east half of oroidin (1) is ob-
served, for example, in the cytotoxic natural product
girolline (2)2 probably being derived from the corre-
sponding alkene, which was also isolated as a natural
product.3 Horne and co-workers have shown that the
diastereomer of girolline (2) can be obtained in low yield
by treatment of that alkene with NCS/TFA.4 There are
also cyclized pyrrole–imidazole alkaloids with a chloro-
hydrin partial structure.5
In this paper we report on a hitherto unknown reaction
of the key natural product oroidin (1),6 eventually lead-
ing to the dioxygenation of its double bond.2. Results and discussion
For our study, oroidin (1) was isolated from various spe-
cies of marine sponges of the genus Agelas. On dissolv-
ing oroidin (1) in DMSO-d6/TFA-d1 (1:1) at room
temperature, the formation of two new sets of NMR sig-
nals was immediately observed. Figure 2 gives the time
dependence of the decomposition of oroidin (1), which
was monitored by 1H NMR spectroscopy. About 50%
of the starting material 1 had been consumed after
4days. 2D NMR analysis pointed at the formation of
the two diastereomeric oxazolines 3a and 3b (Scheme
1), which had reached their maximal concentrations
Scheme 2. Behaviour of N-methylated regioisomers: oxidative cycli-
zation of the tritylated natural product sventrin (5) in non-degassed
chloroform/TFA.



















Figure 2. Time dependence of the decomposition of oroidin (1) in
DMSO-d6/TFA-d1 (1:1) at room temperature. Percentages are given.
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growing concentrations of two additional products 4a
and 4b were observed, which became dominant after
about 50days. According to 2D NMR analysis, the
oxazoline ring had undergone hydrolysis of the C–N
double bond.
The HMBC correlation between 9-H and the carbonyl
carbon C-6 was observed for each of the four com-
pounds 3a–4b. 9-H itself was identiﬁed as being located
between the methylene group and the methine group on
the basis of COSY correlations.
It was possible to determine all molecular formulae by
high resolution HPLC–ESIMS (RP-18, MeCN/0.1%
aq. formic acid gradient) and to conﬁrm that one oxygen
atom was incorporated in the ﬁrst step of the decompo-sition of oroidin (1). The second step indeed proceeded
with incorporation of water.7
It is very diﬃcult to conclude on the relative stereochem-
istry of the two diastereomers which were formed in a
ratio of about 3:2. MM2 calculations indicate that for
both diastereomers 3a and 3b three energetically almost
equivalent minimal conformations are to be expected,
which diﬀer with regard to the respective dihedral angles
between 9-H and 10-H. For the (9S,10S)-diastereomer
3a, the optimal dihedral angles should be about
155, 45 and + 70 (preferred by 1kcalmol1), while
for the (9S,10R)-diastereomer 3b values of about 170
(preferred by 1kcalmol1), 55 and + 85 are to be ex-
pected. The slightly larger coupling constant 3J(9H,10H)
might be expected for the (9S,10R)-diastereomer. There
are only very few hydroxyalkyl oxazolines for which
stereochemical and NMR assignments are available in
the literature.8 Comparison supports that the larger cou-
pling constant should be assigned to the (9S,10R)-dia-
stereomer 3b.
In a parallel study, we omitted DMSO which possibly
could be involved in the oxidation process. Because of
the poor solubility of oroidin in chloroform, we chose
to investigate the behaviour of N-tritylated sventrin (5,
Scheme 2).9,10 When 5 was dissolved in chloroform/
TFA (5:1) at room temperature for 48h under air oxy-
gen, we observed the formation of the two diastereo-
meric products 6a and 6b (41%, 3:2) being analogous
to 3a and 3b obtained in DMSO/TFA (1:1). In addition,
the ketone 7 was formed as a side product (16%).11 This
indicates that DMSO is not necessary to reach oxidation
of C-10. If air oxygen was excluded, no reaction took
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does not have inﬂuence on the course of the oxidative
oxazoline formation. The trityl group is lost under the
reaction conditions.9 Compounds 6a–7 could be puriﬁed
by normal phase chromatography (silica, CHCl3/
MeOH/NH3 70:10:1) and were isolated as the free bases.
Dioxygenation of the oleﬁnic double bond of a 2-amino-5-
alkenylimidazole is reported here for the ﬁrst time. A
possible mechanism could start with an acid-catalyzed
cyclization of 1, followed by formation of a hydroperoxide
at the benzylic C-10, which could subsequently oxidize
one additional molecule of oroidin (1) or of its cyclized
oxazoline analog. Surprisingly and in contrast to (E)-oroi-
din (1), (Z)-oroidin does not undergo oxidative cyclization
inDMSO/TFA (1:1).Moreover, if the imidazole ring isN-
methylated in o-position to the alkyl chain both the (Z)-
and (E)-isomers are stable against DMSO/TFA (1:1). By
UV irradiation (>300nm, 400W), it is possible to equili-
brate the natural product (Z)-keramadine12 with its (E)-
isomer without decomposition (ratio 3:1, Scheme 2).13
Oxidative cyclization of N-acyl allylic amines to oxy-
methyl oxazolines has been observed on treatment with
peroxides14 via intermediate epoxides, and with
MnO2.
15 There is a report on a similar reaction in Me-
SO3H/CH2Cl2.
16 Oxazolines derived from oroidin-type
synthetic intermediates had been characterized only
once by Horne et al. who treated a 5-alkenylimidazol-
2-one analog with MeSO3H leading to a 5-exo ring clo-
sure.17 C-10 was not oxidized in that case. Commerc¸on
et al. achieved oxidation of a 1-trityl-4-alkenylimidazole
with hypochlorite.18 The carbonyl oxygen which was
present in an analogous position as in oroidin (1) at-
tacked as nucleophile and the system underwent 6-endo
closure to an oxazine ring.
Our study also points out that 2-amino-5-alkenylimidaz-
oles could be critical for use in medicinal chemistry, be-
cause oxidation in the benzylic position to the imidazole
ring is facile. There are only a few studies on the chem-
ical stability of compound–TFA mixtures in DMSO.19
Kozikowski et al. found that about 50% of their com-
pounds stored in 20mM DMSO solutions had decom-
posed after one year.19b However, detailed analyses of
the chemistry behind these statistics are rare.20References and notes
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